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Abstract
Introduction—African American and Latino children experience higher rates of traumatic injury 
and mortality, but the extent to which parents of different races and ethnicities disparately enact 
injury prevention behaviors has not been fully characterized. The objective of this study is to 
evaluate the association between caregiver race/ethnicity and adherence to injury prevention 
recommendations.
Methods—This was a cross-sectional analysis of caregiver-reported baseline data from the 
Greenlight study, a cluster-randomized pediatric obesity prevention trial. Data were collected 
between 2010 and 2012 in four academic pediatric practices and analyzed in 2015. Non-adherence 
to injury prevention recommendations was based on five domains: car seat safety, sleeping safety, 
fire safety, hot water safety, and fall prevention.
Results—Among 864 caregiver–infant pairs (17.7% white, non-Hispanic; 49.9% Hispanic; 
27.7% black, non-Hispanic; 4.7 % other, non-Hispanic), mean number of non-adherent injury 
prevention behaviors was 1.8 (SD=0.9). In adjusted regression, Hispanic caregivers had higher 
odds of non-adherence to car seat safety (AOR=2.1, 95% CI=1.2, 3.8), and lower odds of non-
adherence with fall prevention (AOR=0.4, 95% CI=0.3, 0.7) compared with whites. Black, non-
Hispanic caregivers had higher odds of non-adherence to car seat safety (AOR=2.4, 95% CI=1.3, 
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4.4) and sleeping safety (AOR=2.1, 95% CI=1.3, 3.2) but lower odds of fall prevention non-
adherence (AOR=0.5, 95% CI=0.3, 0.8) compared with whites.
Conclusions—A high prevalence of non-adherence to recommended injury prevention 
behaviors is common across racial/ethnic categories for caregivers of infants among a diverse 
sample of families from low-SES backgrounds.
Introduction
Sudden infant death syndrome and unintentional injuries are two leading causes of infant 
mortality, with rates increasing over the last decade.1 The Centers for Disease Control and 
Prevention reports that in 2013 sudden infant death syndrome accounted for 6.7% of infant 
deaths and unintentional injury accounted for 4.9% of infant deaths.2 In 2011, the American 
Academy of Pediatrics published a report highlighting the importance of providing a safe 
sleep environment to prevent sudden infant death syndrome and other forms of sleep-related 
deaths, including suffocation, asphyxia, and entrapment (collectively known as sudden 
unexpected infant death).3 In children aged <1 year, leading causes of unintentional injuries 
include falls, motor vehicle crashes, and fire-related injuries.4 These causes of infant death 
are largely preventable, but caregiver safety practices often do not match well-established 
injury prevention recommendations.5–7 African American and Latino children have 
disproportionately higher rates of traumatic injury and suffer worse outcomes from those 
injuries.8,9 The greatest disparities have been reported for safe car seat use: African 
American children are less likely to be both seated in a car seat and properly restrained.10,11
However, several gaps remain in understanding why there are racial disparities in infant 
injuries. Specifically, previous studies have focused largely on a single injury prevention 
behavior instead of a broad range of recommended practices. Additionally, most studies 
compare injury rates and behaviors in African American families with white families. Data 
are limited on injury prevention behaviors of Latino families or the extent to which 
acculturation is related to adherence to recommended behaviors. In previous work, the 
authors have demonstrated associations between health literacy and injury prevention 
behaviors among caregivers of 2-month-old infants, indicating that this is an important age 
group in which to consider mutable behaviors to reduce unintentional injury.12 Furthermore, 
injury prevention approaches often employ social marketing techniques focused on specific 
communities, underscoring the importance of recognizing how these injury prevention 
behaviors might vary based on race or ethnicity. Therefore, the purpose of this study is to 
explore variation by race/ethnicity in a broad range of injury prevention behaviors among a 
racially diverse sample of families from low-SES backgrounds.
Methods
The authors performed a cross-sectional analysis of baseline data from the Greenlight study, 
which is a cluster-randomized trial to prevent obesity in the first 2 years of life. The 
Greenlight study was conducted at pediatric resident primary care clinics at four university-
affiliated medical centers:
1. New York University/Bellevue Hospital Center;
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2. Vanderbilt University;
3. University of North Carolina–Chapel Hill; and
4. University of Miami/Jackson Memorial Medical Center.
Two sites received an obesity prevention intervention and two sites received an attention 
control condition focusing on injury prevention. The full methods of Greenlight have been 
previously published.13
Caregiver–child dyads were consecutively recruited to participate in the Greenlight study 
from April 28, 2010 to August 30, 2012 at 2-month well-child visits. Inclusion criteria for 
caregiver–child dyads were:
1. infant aged 6–16 weeks presenting for a 2-month well-child visit with a pediatric 
resident;
2. a caregiver who spoke English or Spanish, who
3. reported that they planned to return to the clinic for all well-child visits through 
age 2 years.
Child-related exclusion criteria were:
1. <34 weeks gestation;
2. birth weight <1,500 grams;
3. weight for length <third percentile at 2-month visit; or
4. diagnosis of failure to thrive or other medical problem known to affect child 
growth (e.g., cleft palate).
Caregiver-related exclusion criteria were:
1. age <18 years
2. significant mental/neurological illness; or
3. poor visual acuity (Rosenbaum Pocket Screener; worse than 20/50 corrected 
vision).
Written informed consent was obtained from all participants. IRB approval was obtained 
from all four participating academic medical centers. Data for this analysis were obtained by 
in-person interviews at the 2-month well-child visit. Questionnaires were administered in 
English or Spanish, based on caregiver preference. Study data were managed using the 
secure Research Electronic Data Capture tools hosted at Vanderbilt University.14
Measures
The primary independent variable for this study was caregiver race/ethnicity. To measure 
race, caregivers were asked to select from the following six options: American Indian or 
Alaskan Native, Asian, black or African American, Native Hawaiian or other Pacific 
Islander, white, or other. A brief description of people who might identify with each race 
followed each option and participants were allowed to select more than one response. To 
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measure ethnicity, caregivers were asked: Do you consider yourself Hispanic/Latino? Based 
on responses to these items, caregiver race/ethnicity was categorized as four mutually 
exclusive categories: Hispanic; white, non-Hispanic; black, non-Hispanic; or other, non-
Hispanic. This grouping was chosen as the “other” group consisted of multiple smaller 
groups that were too small to consider individually.
The primary outcomes of interest were caregiver reports of injury prevention practices. For 
this analysis, injury prevention practices were analyzed within five injury prevention 
domains that the authors had developed for a previous analysis.12 Injury prevention domains 
were based on recommendations by the American Academy of Pediatrics, The Injury 
Prevention Program, and the leading causes of preventable injuries in children.3,4 Injury 
prevention practices were assessed using a questionnaire developed by the Greenlight study 
team and other national experts in injury prevention.12 The following domains were selected 
a priori and analyzed for this study:
1. car seat safety;
2. sleeping safety;
3. fire safety;
4. hot water safety; and
5. fall prevention.
The specific items used to assess these domains, and how non-adherence was defined, are 
listed in Table 1. Car seat safety was assessed with five items; a respondent was classified as 
non-adherent with a non-adherent response to any one of those five items. To account for 
respondents who were non-adherent to more than one injury prevention behavior, an injury 
prevention risk score (range, 0–9) was created, representing the number of behaviors the 
respondent reported as non-adherent. For the risk score, each of the five car seat safety items 
was counted individually.
Demographic characteristics, including child age, child gender, caregiver gender, caregiver 
age, relationship to child (mother, father, other), caregiver education, household Special 
Supplemental Nutrition Program for Women, Infants, and Children (WIC) status, and 
household income, were summarized using mean (SD) for continuous variables and using 
proportions for categorical variables. Education was categorized as less than a high school 
education, high school graduate/equivalent, some college, or college graduate or higher 
level. Annual household income was measured by self-report (<$20,000 versus ≥$20,000). 
Household WIC status was also measured by caregiver self-report, and was coded as 
enrolled if either the caregiver or child was enrolled at the time of the interview. Among 
Latino participants, acculturation was also measured using the Short Acculturation Scale for 
Hispanics and by caregiver nativity (caregiver born in the U.S. versus caregiver not born in 
the U.S.).15 This is a 12-item scale that measures behavioral and cultural values, consisting 
of three factors (language, media, and social relationships). Each item is scored on a 5-point 
Likert scale and items are averaged to create a final score (range, 1–5). Previously validated 
cut-points have used a score of 2.99, where a person is less acculturated if the score is 
between 1 and 2.99.16
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Statistical Analysis
Differences in demographic characteristics by race/ethnicity were assessed using Pearson 
chi-square tests. Unadjusted and adjusted associations were assessed between caregiver race/
ethnicity and each of the five safety domains using logistic regression. When considering the 
association between caregiver race/ethnicity and the combined risk score (range, 0–9), 
adjusted ordered logistic regression was used. Covariates were chosen a priori for adjusted 
analyses, including:
1. child age;
2. child gender;
3. caregiver age;
4. household WIC status;
5. caregiver education; and
6. study arm (intervention versus control).
This study did not include caregiver gender or caregiver relationship as covariates in 
adjusted models because >96% of respondents were mothers. The authors also conducted a 
subgroup analysis of Latino caregivers to determine if acculturation was associated with the 
outcomes of interest. Data were analyzed in 2015 using Stata, version 14.0. For all analyses, 
a two-tailed p-value <0.05 was considered statistically significant.
Results
Among the 864 caregiver–child pairs included in this analysis (who had complete race/
ethnicity data), the mean age at enrollment for the index child was 9.3 (SD=1.8) weeks. 
Approximately half of the children enrolled were female (51.3%) and the majority of 
caregivers were mothers (95.7%). Caregivers enrolled in this study were from low-SES 
backgrounds, with 85.1% of households enrolled in WIC and 59.6% of household annual 
incomes <$20,000.
Nearly half (49.9%) of the enrolled sample identified as Hispanic, whereas 153 (17.7%) 
caregivers identified as white, non-Hispanic, 239 (27.6%) caregivers identified as black, 
non-Hispanic, and 41 (4.7%) caregivers identified as one of the additional race categories. 
Fourteen individuals (1.6%) identified as more than one race. Demographic characteristics 
of the sample are compared across race/ethnicity categories in Table 2. There were 
significant differences, including higher percentages of WIC enrollment, lower educational 
attainment, and higher percentages with household incomes <$20,000 among Hispanic and 
black, non-Hispanic families. The percentage of caregivers not adhering to recommended 
injury prevention behaviors is summarized in Table 1. On average, each caregiver endorsed 
almost two non-adherent behaviors (mean=1.8, SD=0.9), with 95% of families engaging in 
at least one non-adherent behavior, and 10% of families engaging in three non-adherent 
behaviors. In the domain of car seat safety, 23.6% of families reported non-adherent 
behaviors: 21.5% reported taking their infant out of the car seat while the car was moving in 
the last 30 days; 5.1% caregivers reported that their infant was front facing instead of rear; 
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and 0.9% rode in a car without a car seat. In the domain of safe sleep, 15.6% placed their 
infant on their tummy to sleep one to two times/month, and 11.8% of caregivers placed their 
infants on their tummy to sleep more than ten times/month. In the domain of fire and burn 
safety, 6.6% of caregivers did not have or did not know if they had a working smoke detector 
in their home. Only 11.3% of caregivers reported that their hot water heater was set to 
≤120°F, whereas 2.7% knew their hot water heater was >120°F, and 733 (86.0%) did not 
know the temperature of their hot water heater.
Unadjusted associations between race/ethnicity and injury prevention behaviors are shown in 
Figure 1. The highest rate of non-adherence to car seat safety was among black, non-
Hispanic (27.8%) and other, non-Hispanic (30.0%) caregivers. The highest rate of sleeping 
non-adherence was among black, non-Hispanic (56.0%) caregivers. The highest rate of fire 
safety non-adherence was among other, non-Hispanic (12.5%) caregivers. The highest rate 
of hot water non-adherence (91.6%) was among Hispanic caregivers. The highest rate of fall 
non-adherence was among white, non-Hispanic caregivers (38.9%). Overall black, non-
Hispanic caregivers reported an average of 2.0 (SD=1.0) non-adherent behaviors, compared 
to 1.8 (SD=1.0) non-adherent behaviors for white, non-Hispanic caregivers, 1.8 (SD=0.91) 
non-adherent behaviors for Hispanic caregivers, and 1.7 (SD=0.89) non-adherent behaviors 
for other, non-Hispanic caregivers (ANOVA, p=0.06). Unadjusted ordered logistic regression 
showed that caregivers who self-identified as black, non-Hispanic had higher odds of an 
increased number of non-adherent injury prevention behaviors (OR=1.5, 95% CI=1.02, 2.20, 
p=0.04) compared with white, non-Hispanic caregivers. Hispanic (OR=1.0, 95% CI=0.74, 
1.48, p=0.80) and other, non-Hispanic (OR=0.8, 95% CI=0.40, 1.45, p=0.40) caregivers did 
not have statistically significant different odds compared to white, non-Hispanic caregivers. 
In ordered logistic regression models, injury prevention risk was not associated with 
acculturation when measured by Short Acculturation Scale for Hispanics (OR=0.9, 95% 
CI=0.76, 1.15, p=0.50) or by caregiver nativity (OR=0.9, 95% CI=0.68, 1.12, p=0.30).
Results from adjusted logistic regression models are displayed in Table 3. Disparities in 
injury prevention behaviors were present in car seat safety, sleeping safety, and fall 
prevention safety. Compared with white, non-Hispanic caregivers, Hispanic (AOR=2.1, 95% 
CI=1.2, 3.8), black, non-Hispanic (AOR=2.4, 95% CI=1.3, 4.4), and other, non-Hispanic 
(AOR=3.5, 95% CI=1.5, 8.3) caregivers all had increased odds of non-adherence to 
recommended car seat safety behaviors. Compared with white, non-Hispanic caregivers, 
black, non-Hispanic caregivers had increased odds of non-adherence to recommended safe 
sleep behaviors (AOR=2.1, 95% CI=1.3, 3.2). Compared with white, non-Hispanic 
caregivers, Hispanic (AOR=0.4, 95% CI=0.3, 0.7), black, non-Hispanic (AOR=0.5, 95% 
CI=0.3, 0.8), and other, non-Hispanic (AOR=0.3, 95% CI=0.1, 0.8) caregivers had decreased 
odds of non-adherence to fall safety recommendations. Adjusted ordered logistic regression 
testing the association between the total number of non-adherent behaviors and race/
ethnicity showed that black, non-Hispanic caregivers had increased odds (AOR=1.5, 95% 
CI=1.00, 2.3) of non-adherence compared with white, non-Hispanic caregivers. A pre-
specified subgroup analysis of Latino caregivers did not show any difference in adherence to 
recommended behaviors based on acculturation.
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Discussion
In this sample of low-income caregiver–child pairs, the data show both high rates of non-
adherence and racial/ethnic differences in well-established injury prevention behaviors for 
caregivers of 2-month-old infants. The mean number of non-adherent behaviors among all 
caregivers in this sample is 1.8 (SD=0.9), with 95% of families engaging in at least one non-
adherent behavior and 10% of families engaging in three or more non-adherent behaviors. 
Black, non-Hispanic caregivers had increased odds of engaging in a higher number of non-
adherent behaviors, when compared with non-black caregivers. For specific domains, 
however, no consistent pattern of ethnic/racial differences was found in safety behaviors. For 
example, white, non-Hispanic caregivers had increased odds of being non-adherent to fall-
prevention recommendations, when compared with non-white caregivers; Hispanic 
caregivers had increased odds of being non-adherent to car-safety recommendations, when 
compared with most non-Hispanic caregivers; and black, non-Hispanic caregivers had 
increased odds of being non-adherent for sleeping safety, when compared with non-black 
caregivers. These unique patterns of adherence to injury prevention behaviors highlight the 
potential opportunities to tailor injury prevention strategies to specific communities. 
Although tailored injury prevention approaches for racial/ethnic groups disparately affected 
by adverse outcomes should be examined, the high rates of non-adherence to recommended 
safety behaviors among all race/ethnicity groups suggest universal opportunities to improve 
caregivers’ injury-related health behaviors in early infancy.
Previous literature has consistently identified disparate rates of injury and injury prevention 
behaviors among low-income populations from traditionally under-represented minorities.8,9 
These findings align with previous studies that reported lower seat belt use and sleeping 
safety among black, non-Hispanic and white, non-Hispanic families.11,17,18 In one study of 
1,268 children (average age of 9.8 years), black children were less likely to be appropriately 
restrained in a motor vehicle than white children (22.2% vs 12.7%, p<0.001).10 Also, in 
another study, black and Hispanic caregivers had different behaviors related to safe infant 
sleep, with black infants more likely to be placed prone.18 This study builds on this literature 
by showing that these non-adherence behaviors are prevalent as early as 2 months. The data 
also showed increased odds of non-adherence to car seat safety not only for black, non-
Hispanic families, but also for Hispanic and other, non-Hispanic families. However, among 
the subset of participants who identified as Latino, acculturation was not associated with 
adherence to recommended injury prevention behaviors. Finally, this is the first report that 
white, non-Hispanic families are more likely to be non-adherent to fall prevention behaviors.
Race and ethnicity are important social determinants of health, and it is a clear public health 
imperative to reduce health disparities based on race and ethnicity. However, the causal 
mechanism between race/ethnicity and health disparities is more elusive. By including 
markers of SES in adjusted models, these results indicate that race and ethnicity have a 
unique contribution to injury prevention behaviors beyond socioeconomics. Whether race/
ethnicity serves as a marker for cultural differences or another unmeasured factor is difficult 
to ascertain, given the vast variation in culture among such coarse groupings of racial/ethnic 
categories used in this analysis. As society strives to reduce racial/ethnic health disparities, 
the authors urge the research community to consider additional and more-refined approaches 
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to measuring and assessing the role of race and ethnicity. Specifically, future research should 
focus on the etiology of these health disparities (e.g., the role of culture, local laws, possible 
provider bias) that may influence adherence to injury prevention recommendations so that 
appropriate preventive recommendations can address barriers in a wide range of contexts.
Limitations
There are several limitations to the reported findings. This is a cross-sectional analysis; 
therefore, causal inferences cannot be drawn. Furthermore, the authors did not have the 
capacity to consider mechanisms that would potentially explain the relationships between 
race/ethnicity and non-adherence to injury prevention recommendations. The study was 
initiated in 2010, so contemporaneous recommendations about safe sleep were used, though 
these do not account for more recent recommendations by the American Academy of 
Pediatrics for safe sleep.3 The injury prevention outcomes were based on self-reported 
survey data that may not reflect actual injury prevention behaviors or injury outcomes. For 
example, when asked about the temperature of their hot water heater, a participant may have 
answered I don’t know when the temperature may have been safely set or a participant may 
not have known the correct answer based on how some heaters have ordinal (low, medium, 
high) settings. Furthermore, participants may have been susceptible to social desirability 
bias, which may have differed by the exposure (race/ethnicity) making the direction of the 
bias difficult to predict. However, the reported prevalence of injury prevention behaviors was 
high, suggesting either that under-reporting may not have been problematic or that the rates 
of non-adherence to injury prevention behaviors is even worse than noted here.
Conclusions
This study identifies a high prevalence of non-adherence to recommended injury prevention 
behaviors across racial and ethnic categories for caregivers of infants among a diverse 
sample of families of low SES. Future work should focus on causal relationships between a 
wide range of social determinants of health, including race/ethnicity, and injury prevention 
behaviors. Recognizing the high and disparate rate of non-adherence to injury prevention 
behaviors is important for both pediatric healthcare providers as they provide anticipatory 
guidance and for public health officials who design policies and programs to reduce the rates 
of injury. In particular, these data identify opportunities to tailor specific interventions for 
racial/ethnic groups disparately affected by adverse injury outcomes. In the meantime, these 
findings call for universal approaches to injury prevention counseling for all parents of 
young infants and highlight the need for further research to determine the etiologic 
underpinnings behind certain infant safety practices.
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Figure 1. Rates of non-adherence to five injury prevention recommendations by caregiver race/
ethnicity
Notes: χ2 indicates that car seat safety, sleeping safety, and fall prevention are all 
significantly different by caregiver race/ethnicity (p<0.001) and that hot water safety is 
significantly different by caregiver race/ethnicity (p<0.05). There is no difference in the 
percent of caregivers adherent to fire safety based on caregiver race/ethnicity.
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Table 1
Injury Prevention Outcomes and Associated Survey Questions
Domain of AAP 
injury prevention 
recommendation
Survey question Answers qualifying for non-adherent % (N) non-adherent
Car seat safetya
Do you have a car seat for your child? No, and child rides in car.
23.6% (201)
Where do you place the car seat? (Front/Back) Front, and my car has a back seat
Does your car seat face the front or back? Front
In the last 30 days, how many times has [child’s first name] been in 
a moving car or vehicle without being strapped in the car seat even 
for a brief moment?
≥1
While in the car, do you ever take [child’s first name] out of the car 
seat while the car is moving for a short time, like to feed him or if 
she is fussy?
Yes
Sleeping safety In the last 30 days how many times has your child slept on his/her tummy? ≥1 42.8% (364)
Fire safety Do you have a working smoke detector on every level of your home? No, or I don’t Know 6.6% (56)
Hot water heater What is the temperature setting on your hot water heater? >120°F, or I don’t know 88.8% (756)
Fall prevention
To the best of your knowledge, have you or anyone in your family 
ever left your child alone on a table, sofa, bed, or other high place, 
even for a brief moment, while they turned or stepped away?
Yes 22.9% (195)
a
These outcomes are based on answers to multiple questions. A non-adherent answer to any one of the questions classifies the respondent as non-
adherent for that outcome.
AAP, American Academy of Pediatrics
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